Yoga has been suggested as a complementary and alternative treatment for type 2 diabetes mellitus. The purpose of this study was to review studies using yoga in preventing or controlling diabetes. Inclusion criteria were as follows: (1) conducted between 1993 and September 2011; (2) published in the English language; (3) used yoga asanas, pranayama, or dhyana as intervention; (4) involved diabetic patients and healthy volunteers, with insulin or glucose levels as outcomes, or individuals at risk for diabetes; (5) used any quantitative design; and (6) had biochemical, physiological, anthropometric, or clinical outcomes. A total of 17 studies met the inclusion criteria. Of these studies, 15 used yoga asanas, 12 used pranayama, and 1 each used shatkriyas (cleansing exercises) and yoga nidra (relaxation). Of the 11 studies that measured changes in fasting blood glucose, 9 showed significant decrease. Limitations include lack of theory-based approach, small sample sizes, and inability to gauge adherence.
Type 2 diabetes mellitus is a highly prevalent chronic disease affecting more than 311 million people globally. 1 In the United States, approximately 25.8 million children and adults (8.3% of the population) have diabetes mellitus, 90% to 95% of which are classified as type 2 diabetes mellitus. 2 Because of the doubling of prevalence rates from 1990 to 2005, type 2 diabetes mellitus has been categorized as an epidemic by the United States Centers of Disease Control and Prevention. 3 Type 2 diabetes mellitus is strongly associated with obesity and fat distribution. Given the current obesity epidemic, it is expected that type 2 diabetes mellitus will remain a substantial public health burden, with global rates exceeding 470 million by 2030. 4 Type 2 diabetes mellitus is a metabolic disorder characterized by insulin resistance and impaired insulin secretion. 5 A number of behavioral interventions have been suggested for preventing and controlling type 2 diabetes mellitus, including increased physical activity, diet modification, and cessation of smoking. 4 In addition, there is growing evidence that psychological stress and negative mood states are bidirectionally associated with insulin resistance, glucose intolerance, central obesity, hypertension, and dyslipidemia. 6 Subsequently, mind-body interventions have been suggested to aid in regulating stress psychophysiology. In this light, yoga has been suggested as a complementary and alternative medicine for treatment of type 2 diabetes mellitus.
Yoga is an ancient practice that originated in India more than 4000 years ago. 7 Rooted in the religion of Hinduism, yoga has been modified significantly from its original context to accommodate Western lifestyles. 7 Yoga has been demonstrated to reduce stress and induce relaxation, which could aid in controlling symptoms of type 2 diabetes mellitus. 8 It is noninvasive, free of deleterious side effects, and can be practiced by individuals with severe physical limitations. Given the high cost of treating type 2 diabetes mellitus, the negative side effects of traditional type 2 diabetes mellitus prescription medications, and the physical limitations of many type 2 diabetes mellitus patients, yoga offers an appealing alternative to traditional treatment. Therefore, the purpose of this investigation was to systematically analyze and synthesize yoga interventions designed to prevent and control type 2 diabetes mellitus.
Methods
Interventions (1) targeting the prevention or control of type 2 diabetes mellitus, (2) using any quantitative design, (3) published in the English language, (4) published between January 1993 and December 2011, (5) using yoga asanas, pranayama, or dhyana as intervention, and (6) that had biochemical, physiological, anthropometric, or clinical outcomes were included in this review. Exclusion criteria ruled out interventions that (1) did not use a quantitative design, (2) did not sample diabetic patients with insulin or glucose levels as outcomes or individuals at risk for diabetes such as those suffering from metabolic syndrome, (3) and did not appear indexed in at least 1 of the following databases: CINAHL (Cumulative Index to Nursing & Allied Health), Medline, AMED (Allied and Complementary Medicine Database), Alt HealthWatch, and CENTRAL (Cochrane Central register of controlled trials).
Three phases of data review were conducted (see Figure 1 ). Phase 1 applied Boolean search terms of ''Yoga AND Type 2 Diabetes OR Diabetes Mellitus AND Intervention OR Program'' to extract the first round of articles from the CINAHL (n ¼ 14), MEDLINE (n ¼ 25), Alt HealthWatch (n ¼ 20), and CENTRAL (n ¼ 12) databases. Phase 2 involved preliminary distillation of the identified articles (n ¼ 71) by removing duplicates (n ¼ 7), review-based articles (n ¼ 12), interventions that did not use a quantitative design (n ¼ 20), and studies that did not incorporate yoga asanas, pranayama, or dhyana as an intervention modality (n ¼ 9). During phase 3, the refined list of articles (n ¼ 23) was reviewed independently by 2 researchers. Results of the independent analyses confirmed that 6 studies did not contain biochemical, physiological, anthropometric, or clinical outcomes. Consequently, these articles were not considered in this review.
Results
The completed data extraction process resulted in 17 studies, which satisfied the inclusion criteria. 
Discussion
The purpose of this investigation was to systematically analyze and synthesize yoga interventions designed to prevent and control type 2 diabetes mellitus that were conducted between 1993 and 2011. Given the small amount of such studies (n ¼ 16) conducted over the past 18 years, it is evident that there is a need for more interventions that test the efficacy of yoga for treating type 2 diabetes mellitus. Of the 17 interventions, 11 were conducted in India, 4 were conducted in the United States, 1 was conducted in England, and 1 was conducted in Cuba. Yoga originated in India, so it is natural that the majority of studies would arise from that location; however, given the global burden of type 2 diabetes mellitus, it would be beneficial to develop and test programs of this nature in other countries. Furthermore, although Asia represents 60% of the world's diabetic population, evidence suggests there are ethnic disparities associated with type 2 diabetes mellitus in Western countries. 2, 4 Conducting studies in countries from which yoga is not rooted in the culture and that have more ethnic diversity can assist in future program implementation. Such studies will be particularly beneficial as researchers attempt to translate efficacy trials to effectiveness trials.
Of the 11 interventions measuring fasting blood glucose, 9 were able to show a significant decrease. [9] [10] [11] [12] [13] [14] [15] [16] [17] Fasting blood glucose measures blood glucose after the patient has not consumed any food for an 8-hour period. Fasting blood glucose is a standardized, objective measure, which should be applied in future studies exploring this topic. From a prevention perspective, fasting blood glucose can be used to assess prediabetes. As a tertiary measure, fasting blood glucose measurements can monitor the treatment of diabetes. Similar to the way in which body mass index is used as a standard measure in obesity intervention, future studies exploring the impact of yoga on type 2 diabetes mellitus should use fasting blood glucose to quantitatively gauge intervention effect sizes through meta-analyses.
Among the identified studies, 5 used a randomized controlled design, 14,18-21 4 used a quasiexperimental design, 15, 17, 22, 23 and 7 used a pretest-posttest design. 9-13, 24, 25 Each type of experimental design has strengths and weaknesses. Randomized control trials are the most robust experimental design and offer strong controls against threats to external and internal validity. Preferably, randomized control trials should be used for all studies; however, this is not often possible because of time and financial constraints. Pretest-posttest designs do not use repeated measurements, making the long-term impact of an intervention difficult to ascertain. Some pretest-posttest designs include control groups to help eliminate internal threats, but a pretest intervention interaction can limit external validity. Quasiexperimental designs lack group randomization, which poses a significant threat to internal validity. These designs are often used when randomization is not possible or is not ethical, making them advantageous for field application.
Of the interventions, 15 used yoga asanas, 12 used pranayama, and 1 each used shatkriyas (cleansing exercises) and yoga nidra (relaxation). Yogic asanas are physical exercises with low physical impact that involve various body postures. . Because these are difficult techniques, these are seldom used in yoga interventions. Yoga nidra is deep relaxation designed to reduce tension and anxiety. This is also known as corpse pose. Future randomized control trials testing various combinations of these techniques would assist in determining the efficacy of various yoga practices as a treatment for type 2 diabetes mellitus. The duration of the yoga interventions ranged from 8 days to 24 weeks. Because type 2 diabetes mellitus is a lifelong disease, more interventions are needed that include long-term evaluation of yoga adherence and treatment effects. For the majority of the interventions, outcome evaluation occurred between 30 (n ¼ 4), 40 (n ¼ 5), and 45 days (n ¼ 2). Typically, behavioral intervention effects rebound at 12 months from baseline. To accurately gauge the long-term effect of yoga interventions, outcome measures should be measured at least 18 months from baseline. In addition to long-term follow-up, more studies are needed that include larger sample sizes. Of the studies included, 7 had fewer than 25 participants, making group comparison difficult from a design perspective. To advance yoga as a potential treatment for type 2 diabetes mellitus, sample sizes that can generate significant power are required.
The reviewed interventions applied atheoretical frameworks. For yoga to be considered a viable treatment, education must be effective and efficient at producing the desired effects. Application of theory-based interventions in both the design and measurement of yoga interventions can greatly advance this effort. Theory-based frameworks offer the ability to reduce cost, save time, and produce greater behavioral outcomes. Popular theories in health promotion and education include the 3 Months Yoga resulted in significant reduction in body mass index, glycemic control, and malondialdehyde and increase in glutathione and vitamin C theory of planned behavior, 28 social cognitive theory, 29 the health belief model, 30 and the transtheoretical model of change. 31 Given the problematic nature of measuring yoga adherence, a theory-based approach may provide greater evaluation of yoga as a treatment protocol. Yoga interventions implemented in Western cultures could benefit from the diffusions of innovations theory. 32 The diffusions of innovations theory is concerned with the dissemination of new ideas and adoption by individuals in a systematic manner. Although yoga is becoming more popular in Western countries, it is not ingrained in the culture as it is in Asia. Applied as a theoretical framework, diffusions of innovations could advance adaptation of yoga to permeate the type 2 diabetes mellitus culture. In addition to the inclusion of theoretical frameworks, yogabased interventions can be enhanced through evaluation of program fidelity. Implementation of process evaluation can assist in confirming if nonsignificant outcomes are a result of ineffective intervention components or inadequate delivery of intervention curriculum. Such evaluation is critical to yoga-based treatments. Ideally, researchers should incorporate several layers of implementation process evaluation to properly assess the efficacy of intervention outcome measures. In addition, evaluation of program fidelity would allow for testing of theoretical intervention mediators.
In conclusion, the prevalence of type 2 diabetes mellitus is expected to steadily increase over the next several decades in tandem with the obesity epidemic. Yoga-based interventions for the prevention and treatment of type 2 diabetes mellitus hold much promise. Yoga is a cost-effective treatment that is free of negative side effects. Yoga as a potential treatment modality can be advanced by expanding research to more Western countries, applying more rigorous research designs, increasing dosage and long-term evaluation, using theorybased frameworks, and including intervention implementation process evaluation.
